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ROCKWOOL INTERNATIONAL A/S IiAS0146.0EP . 

PROCESSES OF FORMING MINERAL FIBRES 

This invention relates to processes for production of 
5 man-made vitreous fibres (MMVP) which contain phosphorus. 

It is well known to produce man-made vitreous fibres, 
often described as mineral fibres, by providing a charge of 
mineral material, melting the charge in a furnace and 
fiberising the resulting melt to form fibres. The fibres 
10 can be used for a variety of purposes, including heat and 
sotind insulation, fire protection, as growth substrates, 
etc. 

The final composition of the fibres is generally 
expressed in terms of oxides of elements contained in the 

15 fibres and it is well establishe^d that the con^ositiozl of 
the charge of mineral materials, and hence the composition 
of the melt axxd the final fibres, can influence the 
properties of the final fibres. 

In particular, . it has been well established for some 

20 years that a content of phosphoirus P2O5 in the fibres can 
have a positive influence on the properties of the melt and 
the fibres under certain circumstances. For instance, a 
number of patent publi-catlons have focused on the fact that 
content of P^Os in the fibres can itr^rove the biosolubility 

25 of the fibres .and hence the level of biological safety 
which can be attribxited to such fibres. 

• • However, only a relatively narrow rangfe of materials 
has been suggested as suitable raw materials for inclusion 
in a charge which can contribute P2O5 to the final fibres. 
30 For instance, WO 99/08970 suggests apatite* 

WO 95/29135 discloses that the i-nclusion of P2O5 and 
B2O3 in a composition improves the production 
characteristics and physiological dissolution rates of 
mineral wool fibres. Calcium phosphate is disclosed as a- 
35 phosphorus -containing raw material. 

WO 98/40321 discloses mineral fibres . having a 
con5)osition which comprises from 1 to 6% P2O5. Apatite and 
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synthetic phosphate are suggested as phosphorus7 containing 
raw materials. ... 

EP-A-459897 discloses fibres having 1 to 10% PjOs 
content, and phosphorus pentoxide is disclpsed as a 
5 suitable phosphorus source. 

US 5198190 generally suggests use of industrial Wastes 
to produce mineral wool. However, it is specifically 
stated that phosphorus is removed from the waste prior to 
formation into mineral wool. Indeed, none of .the wastes. 
10 used appears to contain phosphorus. 

US 5496392 is similar in that it concerns production 
of products such as mineral wool from industrial • waste 
materials after removal of valuable metals, metal alloys 
and metal oxides. However, again no wastes are discussed. 
15 which contain significant levels of phosphorus. Use of 
second cut spent pot liner (SPL) is mentioned but the 
maximum content of phosphorus in .this waste is 0*20%. 

EP-A- 009418 generally discloses a glass wool 
cotrposition which can contain up to 4% P2O5 and suggests 
20 industrial wastes in general but does not specifically 
mention phosphorus -containing waste materials and indeed no 
specific examples are given of fibres containing P2O5. 

SU 1785520 describes treatment of blast furnace slag 
to form an alloy and a secondary slag, which is said to 
25 have a P2O5 content of up to 27%, and which can be used for 
the production of mineral wool. 

EP-A-468,414 describes production of loaper made from 
slag wool . Thus it is not concerned with producing mineral 
wool for subsequent use in the applications generally known 
30 for mineral wool. The method involves taking* dewatered 
sludge and, generally, adding the sludge to a cyclone 
furnace in which the sludge is combusted to sludge ash. 
. The sludge ash is then melted to form a liquid sludge slag 
which is formed into mineral wool . Although this is the 
•35 usual method described, it is also suggested that sludge 
ash can be preformed by burning dried ash in an incinerator 
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and then adding, the resulting product^ together with a 
calcium content adjusting agent, to the melting fxirnace. 

in practice the preferred material for inclusion o€ 
phosphorus is the virgin rock apatite. The. most commonly 
5 used form of apatite is fluoro apatite, which consequently: 
brings halogens into the process, which must often be dealt.. 
with to avoid release of undesirable waste materials during 
production- cailoro apatite is also used and leads to 
similar problems, as well as the potential for. corrosion of 

10 the apparatus - 

Thus it can be seen that although there have for some 
years been suggestions that phosphorus should be included, 
as a component of mineral fibres, there remains a need for 
provision of raw materials which can brings suitable P2O5 

15 content into the fibres, without the need for potentially 
expensive raw materials and without the need for materials 
which inevitably bring with them components such as . 
halogens, which can be undesirable in some applications. 

Thus according to a invention we provide a process of 

20 producing .man-made vitreous fibres having a phosphorus 
content of at least 0.5%, measured as weight % P2O5, 
comprising providing a charge of mineral material which 
includes -briquettes, -^melting the charge in a furnace to 
provide a melt and fiberising the melt to form fibres, 

25 • wherein the briquettes comprise a non- virgin rock material 
comprising at least . 2% phosphorus. The non- virgin rock 
material is an ash material selected from sewage sludge 
ash, bone meal ash, granulated sewage sludge slag and 
mixtures thereof. 

30 We have found that- these materials are suitable for^ 

. inclusion in briquettes for the production of mineral 
fibres and provide an appropriate level of phosphorus, at 
levels of ash which can conveniently be incorporated. An. 
advantage of use of these ash raw materials is the 

35 possibility of avoidance of introduction of halogens into 
the process. 



Furthermore, use of these materials solves a further 
problem concerning their disposal. This is applicable to, 
sewage sludge in particular. Generation of sewage sludge 
is a global environmental problem- At present there, are 
few solutions for disposal of sewage sludge, but combustion 
to sewage sludge ash is one of the primary methods. 
However, the remaining ash has heavy metal content and is 
therefore not easily disposed of as, for instance, 
fertiliser, since the heavy metal content deters use by 
farmers. Therefore the most common solution for disposal 
of sewage sludge ash in many countries is landfilling, 
which is often a costly solution. 

Consequently, the present invention finds, as well. as 
a novel ,^ beneficial and economical material for the 
provision of phosphorus r containing MMVF, a solution to the 
problem of disposal of sewage sludge ash, as well as other 
waste materials such as bone meal ash. 

The uses for sewage sludge ash which have . been 
disclosed previously are relatively limited and include use 
as a component of bricks and inclusion in cement mortar > as 
well as use in production of paper. 

It is particularly surprising that it Is possible to 
use sewage sludge ash, bone meal ash. and certain . other 
phosphorus -containing materials in certain classes of fibre 
production processes. These materials aire usually 
available in small particle size form and consec[uently in 
processes in which the fiimace is a shaft furnace it is not 
possible to include such ash materials in the charge in 
significant amounts in the form as received* Instead, it 
is generally accepted as necessary to include ' them as a 
component of a briquette. However, it has also generally 
been accepted that inclusion of significant levels of 
phosphorus -containing materials in briquettes would be 
expected to have detrimental effects on the strength of the 
briquettes.- It is important for processing reasons that- 
briquettes should have adequate strength but this is 



particularly important in a shaft furnace where , the 
briquettes form part o.f a stack of mineral materials. 

• However, suaqprisingly it has now been found that it is 
possible to include the phosphorus -containing waste* ash 
materials described above, in briquettes whilst maintaining 
adec[uate briquette strength. 

In this specification, all amounts of fibre components 
aire expressed as weight %, measured as the relevant oxide, 
unless otherwise stated. 

The invention can be used to produce a variety of 
types of man-made vitreous fibre, including rock fibres and 
glass fibres. 

Gl^ss fibres traditionally contain relatively low 
total amounts of alkaline earth metal and iron (calcium, 
magnesium and iron) , generally below 12% measured ^s total 
oxides (iron being measured as FeO) • 

Rock fibres^ generally contain at least 15%, usually 
more than 20%, total calcium, magnesium and iron oxides. 
Rock fibres preferably contain at least 1%, often at least 
3% cuid frequently 5 to 12% iron measured as PeO. 

The fibres generally contain Si02 in an amoiiht of from 
30 to 70%. 

The invention i^* particularly useful in the production 
of fibres which can be shown to be soluble in physiological 
saline. Some such fibres contain a relatively low amount 
of aluminium^ for instance not more than 4%, dptionally 
together with 1 to 5% boron. Typical of these low 
aluminium fibres are the disclosures in, for instance, EP- 
A-459897 and in WO 92/0953€, WO 93/22251 and WO 96/00196. 

The invention can also be applied to the production of 
fibres which have higher aluminium content, for instance at 
least 15% and even at least 17% and in certain cases at 
least 18% AI2O3, eg. up to 30, 35 or 40% AI2O3. Suitable 
high aluminium, biologically soluble fibres which can be 
advantageously made in the present invention are described 
in WO 96/14454 and WO 96/14274. Others are described in WO 
97/29057,, DE-U-2970027 and WO 97/30002. Of course, in the 



invention it is essential that the fibres contain at least 
0.5% phosphorus in addition to the con5>onents discussed in 
these compositions. 

In general the fibres and the melt from which they are 
formed have an analysis within the various ranges defined • 
by the following preferred lower and upper limits: 
SiOa at least 30, 32, 35 or 37; not more than 51, 48, 45 or 

43 ■ ' 

AlzOgat least 12, 14, 15, 16 or 18; not more than 35, 30, 

26 or 23 

CaO at least 8 or 10; not more. than 30, 25 or 20 
MgO at least 2 or 5; not more than 25, 20, 15,, or 12 
FeO (including FejOa) at least 2, 3 or 5; not more than 15, 
12, 10 or 8 

FeO + MgO at least 8, 1.0, 12; not more than 25, 20, 15 
NaaO + KgO zero or at least 1 or 2; not more th^n 10 or 8 
CaO + MgO at least 20, 25, 30; not more than .45, 40. 
Ti02 zero or at least 1; not more than 4, 2 
Ti02 + PeO at least 4, 6/ not more than 12, 10 • 
B2O3 zero or at least 1 ; not more than 5,3. 
Others zero or at least 1 ; not more than 8 , 5. 

The MMV fibres have a phosphorus content, measured by 
weight as P2O5, of at least 0.5%. P2O5 content, can be up to 
10% but is often not more than 5 or 6% and can preferably 
be in the range 0.5 to 4%. 

One preferred class of fibre for production in the 
invention con5>rises from 16 to 18 wt.% AI2O3. . Preferably 
such fibres are formed from a melt which has yiscosity at 
1400''C from 15 to 17 poise. A second class of preferred 
fibres has content of AI2O3 from 12 to 15% and are formed 
from a melt which has viscosity at 1400 "C of from 10 to 14 
poise. These classes of fibre preferably contain at least 

4 wt.% P205- 

Examples of preferred composition ranges include 35 to 
45% SiOz, 12 to 17.5% AI2O3, 15 or 18 to 28% CaO, 5 to 15% 
MgO, 3 to 8% FeO, 0 to 5% NazO plus KgO, 0 to .3% TiOa, 0.5 
to 5% P2O5 and 0 to 1% MnO. 



other preferred, fibres have compositions 35 to 42% 
SiOzi 12 to 16 ,5% AI2O3, 20 to 24% CaO, 9 to 15% MgO, 3 to 
8% FeO, 0 to 5% NaaO plus K2O, 0 to 3% TiOg/ 0.5 to 5% P2O5, 
0 to 1% MnO. 

In both of these preferred conpositions the melt has 
a viscosity at 1,400**C not more than 20 poise. 

The fibres preferably have a sintering temperature 
above 800*'C/ more preferably above. 1000^'C. 

The melt preferably, has a viscosity at fibre forming 
temperature of 2 to 100 poise, preferably 3 to 70 poise, 
more preferably 10 to 30 poise at 1400^C. 

The fibres preferably have an adequate solubility in 
lung fluids as shown by in vi^ro tests or in vitro tests, 
typically conducted in physiological saline buffered to 
about pH 4.5. Suitable solubilities are described in WO 
96/14454. Usually the rate of dissolution is at least 10* 
or 20nm per day in that saline. 

In some compositions it is particularly desirable tlxat 
the level of aluminium is below 14% and the content of 
phosphorus is at least 1%, High alumina levels lead to 
high melt viscosity, which is beneficial for processing 
purposes - melt viscosity which is too low can lead to 
processing problems.' Thus fibres having relatively low 
aluminium levels can tend to result in a melt which has a 
rather low viscosity. Inclusion of phosphoznxs a.llows 
viscosity to be Increased, without at the same time 
cbmpromising biosolxibility. 

In the process the mineral materials are charged to .a 
furnace. Any of the typical furnaces used for forming MMVP 
melts can be used. • T.he furnace can be a tank furnace, 
which includes gas or oil fired tank furnaces, molybdenum 
and graphite electrode tank furnaces and electric arc 
furnaces. Preferably, however, the furnace is a shaft 
furnace in which a stack of granular -^mineral material is 
heated and melt drains to the base of the stack as a pool 
from which it is r\xn off to the fibre forming process . In 
some instances the melt is run from the base of the stack 
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into another chaniber where it collects as. a pool and from 
which it is run off to the fibre foxroing process". The 
preferred type of shaft furnace is a cupola. 

The MMV fibres may be made from the mineral melt in 
conventional manner. They are generally made by a 
centrifugal fibre forming process. For instance the fibres 
may be formed by a spinning cup process in which they; are 
thrown outwardly through perforations in a spinning cup., or 
melt may be thrown of f a rotating disc and fibre foincnation 
may be promoted by blasting jets of gas through the melt. 
Alternatively fibre formation may be conducted .by pouring 
the melt onto the first rotor in a cascade* spinner. 
Preferably the melt is poured onto the first of a set of 
twO/ three, or four rotors each of which rotates about a 
siibstantially horizontal axis whereby melt on the first 
rotor is primarily thrown onto the second, (lower) rotor 
although some may be thrown off the first rotor as fibres, 
and melt on the second rotor is thrown off ae fibres 
although some may be thrown towards the third (lower) 
rotor, and so forth. 

In the invention it is essential that the charge of 
mineral material cotnprises a non-virgin rock material as 
defined above. Preferably it is an ash, selected from 
sewage sludge ash and .bone meal ash. 

Any sewage sludge ash may be used in the inventioil. 
Preferred sewage sludge ash materials have the following 
ranges of components, measured as oxides except in the case 
of chlorine. 
Si02 25 to 35% 
AI2O3 5 to 15% 
TiOg 0.5 to 3% 
FegOa 8 to 20% 
CaO 15 to 25% 

MgO 0 to 5%, preferably 0.5 to 4% 
NaaO 0 to 3%; preferably 0.1 to 2% 
K2O 0 to 3%, preferably 0.5 to 2% 



PjOs 10 to 35%/ preferably 14 to 30%, more preferably up to 
25%, 

Mn02 0 2%, preferably 0.1 to 1% 
ZnO 0 to 2%, preferably 0 . 1 to 1% 
5 SO3 0 to 7%, preferably 2 to 6% 

CI 0. to 2%, preferably 0.1 to 1%. • 

Generally the- sewage sludge ash contains at least 
Si02,Al203, TiOz, FegOa,. CaO and P^Os, with the remaining 
components being optional . * 
10 Bone meal ash (which can be described alternatively as 

"meat and bone meal ash") generally has content of oxlde.s 
as follows: 
SiOz 5 to 15% 

AI2O3 0 to 5%, preferably 0-5 to 4% 
15 PeO 0 to 2%, preferably 0-1 to 1% 
CaO 25 to 55% 

MgO 0 to 5%, preferably 0.5 to 3% 

NagO 0 to 4%/ preferably 0.5 to 3% 

K2O 0.5 to 6%, preferably 2 to 5% 
20 P2O5.20 to 50%, preferably 30 to 40% 

S63 1 to 10%, preferably 2 to 6%. 

The charge preferably comprises at least 3 weight %, 

more preferably at least 4 weight %, most preferably at 

least 5 weight % of the defined non-virgin rock material- 
25 The level of defined non-virgin rock material included in 

the charge can be up to 25%, but preferably is not more 

than 20% and can be up to 15%. 

Sewage - sludge ash is the most preferred ash material 

for use in the invention. 
30 In the invention a. non-virgin rock material comprising 

at least 2% phosphorus is included in the briquettes. By 

non-virgin rock material we mean' materials which are the 

waste products of an earlier used process, ie. industrial 

waste (which would often be sent for disposal) , and we- 
35 exclude standard virgin rock materials such as apatite 

which have not previously passed through any industrial 

process I 
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In the invention the non -virgin rack material is 
provided in particulate form before incorporation into the 
briquettes. 

When the non-virgin rock material is an ash, particle 
5 size is generally at least 90 weight % below 300 microns, 
preferably at least 75 weight % below 200 microns. Often 
at least 30%, preferably at least 50%, of the particles 
. have size below 120 microns. Preferably at least 40% of 
the particles have size below 90 microns. Preferably at 
10 least 45% of the particles have size below 75 microns. 
Preferably at least 60% of the particles have size! below 45 
microns. However, at least 70% of the particles generally 
have size above 25 microns. 

In some cases, especially when the non- virgin rock 
15 material is sewage sludge ash, it is prefeirred that not 
more than 40 wt.% of the particles have diameter below 100 
/im. Preferably not more than 60% have diameter below 200 
/im. More preferably not more than 70% have diameter below 
500 /im. Preferably not more than 80% have diameter below 
20 1000 |xra. 

A further material suitable for use as the non-virgin 
rock material in the invention is granulated sewage sludge 
slag. This product is made by heating sewage sludge in a 
furnace to form a molten slag and granulating the resulting 

25 solidified slag. Generally the sewage sludge is degassed 
and formed into briquettes before introduction, into the 
furnace. The furnace is generally a shaft furnace such as 
a cupola furnace. An example of .such a product is 
commercially available from the company RGS90 Industri 

30 under the name Carbogrit. 



' Granulated sewage sludge slag generally contains the 
following components: 



Mineral 


Generally 


Exainple 


SiOa 


40-45 wt.% 


43.4 wt.% 


AI2O3 


10-18 wt.% 


14.5 Wt.% 


FegOa 


5-12 wt.% 


9.2 wt.% 
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CaO 


15-20 wt.% 


18.1 wt.% 


MgO 


2-8 Wt.% 


5.4 wt..% 


MnOz 


0-3 wt.% 


0.1 wt.% 


TiOa 


0-3 wt.% 


0.6 wt.% 


P2O5 


5-10 wt.% 


7.3 wt.% 


K2O 


0-3 wt.% 


0.9 wt.% 


NazO 


0-3 wt.% 


1.0 wt.% 


SrO 


0-2 wt.% 


0.3 wt.% 


SO3 


0-1 wt.% 


0.03 wt.% 


Others 


0-2 wt.% 





In the invention the briquettes preferably comprise at 
least 3 weight %/ more preferably at least 4 weight % nbn- 
virgin rock material.. The level can be up. to 50% but 

15' preferably is not more than 35%, more preferably not more 
than 25%. » 

Levels of sewage sludge ash not more than 25%, 
preferably not more than 20%, can be advantageous- When 
the non-virgin rock* material is granulated sewage sludge 

20 slag, the briquettes generally comprise not more thein 50%, 
preferably not more than 35%, more preferably not more than 
25% granulated sewage sludge slag. 

In the invention the briquettes can be made in 
standard manner by providing . a mixture of grainular 

25 materials comprising the non- virgin rock, material and 
moulding and compacting these materials, generally in the 
presence of moisture and a binder. The briquettes are then 
allowed to cure and harden. 

The binder may be any of the known binders for 

30 briquettes for use in mineral wool production. Thus the 
binder may be inorganic, such as cement, in particular 
Portlcuid cement. Alternatively it may be organic, such as 
molasses . 

The briquettes are usually of standard size, namely 
35 having smallest dimension at least 50 mm and largest 
dimension at least 100 mm. 
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It . is preferred that the moisture .content of the 
briquette, composition which is moulded is at leaist 10%^ 
preferably at least 12%, more preferably at least 15%. 
Generally it is not more than 25%, preferably not more than 
20%. We find that these levels of moisture .content assist 
in obtaining adequate strength values, 

It is preferred that the briquette composition 
comprises waste mineral wool, generally of the same type as. 
that being producisd in the process, also in order to 
improve briquette strength. Preferred amounts are at least. 
1%, preferably at least 5%, but generally not more than 
15%, preferably not more than 10%. 

After moulding, the briquettes are allowed to cure, 
before use. Preferably curing is allowed to occur for at 
least 24 hours, preferably at least 48 hours and more 
preferedDly at. least 36 hours. In some cases it is 
preferred that curing lasts at least 72 hours. After 
curing, the briquettes are then used by inclusion in the 
charge in the process - 

Preferably the briquettes have density at least 1.8 
kg/dm3 immediately after production. 

In the invention fibres are formed from a melt. This 
is provided by means of a - charge of mineral material 
including the briquettes. When the furnace . is a shaft 
furnace such ad a cupola furnace, fuel is normally also 
added to the furnace together with the charge of mineral 
material. This is often in the form of cokey which does 
not toTm part of the melt. 

The fibres produced according to the processes of the 
invention can be used for any of the known applications for' 
MMV fibres. For instance they can be used for^ fire 
insulation and protection, sound insulation, as growth 
substrate and in granulated form as a filler. 




1 . .A process of producing man-made vitreous fibres having 
a phosphorus content of at least 0.5%, measured as weight 
5 % P2O5, comprising 

providing a charge of mineral material which includes 
briquettes/ 

melting the charge in a furnace to provide a melt and 
fiberising the melt. to form fibres, 
10 wherein the briquettes comprise, a non~ virgin rock material 
conprising at least 2% phosphorus, the non- virgin rock 
material being selected from the group consisting of sewage 
sludge ash, bone meal ash, granulated sewage sludge slag 
eoid mixtures thereof. . 
15 2. A process according to claim 1 in which the non.- virgin 
rock material comprises at least 3% phosphorus <£ 

3 . A process according to claim 2 in which the non-virgin 
rock material comprises at least 5% phosphorus. 

4 . A process according to any preceding claim in which 
20 the non- virgin rock material comprises sewage sludge ash. i 

5. * A process according to any preceding claim in which t 
the non- virgin . rock material comprises granulated: sewage 
sludge slag. 

6. A process according to any preceding claim in which 
25 the briquettes comprise at least 3% by weight, preferably 

at least 4% by weight, more preferably at least 5% by 
weight non-virgin rock material. 

. 7 . A process according, to any preceding claim in which 
the briquettes comprise not more than 15%, preferably not 
30 more than 15%, more preferably not more than 10%, by weight 
. non-virgin rock material. 

8. A process according to claim 1 in which the non-virgin 
rock material is granulated sewage sludge slag and the 
briquettes comprise not more than 50 wt*.% granulated sewage 

35 sludge slag. 

9 . • A process according to claim 1 in which the non-virgin 
rock material is sewage sludge ash and the charge of 
mineral material contains from 3 to 25%, preferably from 4 
to 15% sewage sludge ash, by weight of charge. 
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10. A process according to any preceding- • claim in which 
the briquettes have moisture content of at least 12%, 
preferably "at least 15% . 

11. A process according to any preceding claim in which 
the briquettes additionally coirprise waste mineral wool. 
12 . A process according to any preceding claim in which 
the briquettes are produced at least two days prior to 
their inclusion in the charge. 

13 . A process according to any preceding claim in which 
the fibres con^rise less than 17% aluminium, preferably 
less than 15%) most preferably between 10 and 15% 
aluminium, measured as weight % AI2O3. 

14. A process according to any preceding claim in which 
the fibres campTlee from 0.5 to 10% phosphorus, preferably 
less than 5% phosphorus, measured as weight % P2O5. . 

15. A process according to any preceding claim in which 
the furnace is a shaft furnace, preferably a cupola 
f xumace . 

16. A process of producing man-made vitreous fibres 
cotti)rising providing a charge of mineral material which 
includes briquettes, melting the charge in a furnace to 
provide a melt and fiberising the melt to form fibres, 
wherein the briquettes comprise sewage sludge ash. 




PROCESSES OF FORMING MINERAL FIBRES' 



5 The invention provides a process of producing manrxnade 

vitreous fibres having a phosphorus content of at least 
0.5%, measured as weight % P2O5, comprising 

providing a charge of mineral material which includes 
briquettes, 

10 melting the charge in a furnace to. provide a melt and 

flberising the melt to. form fibres, 
wherein the briquettes comprise a non-virgin rock material 
coiiqprising at least* 2% phosphorus, the non-virgin.i rock 
material being selected, from the group consisting of sewage 

15 sludge ash, bone meal ash, granulated sewage sludge; slag 
and mixtures thereof. 
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